Copolymers of aniline and 2-aminobenzoic acid are prepared by chemical copolymerization. The copolymers are soluble in basic media and thin films are prepared, onto glassy carbon electrodes, by evaporation of the solutions. The modified electrodes show a voltammetric response, with two peaks, similar to polyaniline with two peaks. The dependence of both peak potentials on pH is similar to that of PANI, suggesting that proton expulsion is the mechanism of charge compensation on oxidation. The mechanism is confirmed by Probe Beam Deflection, which shows proton expulsion on oxidation. However, while polyaniline films exchange mainly anions at pH>0, poly(aniline-co-(2-aminobenzoic acid)) (p2ABA) film exchange protons up to pH 4.
Introduction
The copolimerization of substituted anilines with aniline allows to change the properties of the homopolymer (polyaniline, PANI) by incorporation of functional groups in the polymer backbone. By incorporation of anionic groups (eg. -SO 3 -) [1] it has been possible to improve the solubility of the polymer in aqueous solution [2] , to increase the specific charge for battery applications [3] and to alter the redox coupled ion exchange [4] . Copolymerization allows to produce polymer from monomers unable to homopolymerize. Using that synthetic method, aminobenzoic acids have been copolymerized chemically [5] and electrochemically [6] with aniline. Recently the electrochemical polymerization of o, m and p-aminobenzoic acids was studied [7] . In the present communication, the redox coupled ion exchange in copolymers of 2-aminobenzoic acid and aniline is described. The copolymers are produced chemically, to control the amount of aminobenzoic acid incorporated into the polymer. The redox coupled ion exchange in aqueous media was studied by cyclic voltammetry and Probe Beam Deflection. The latter is an optical technique that has been extensively used to study redox coupled ion exchange in electroactive polymers [8] .
Experimental
All solutions were produced using ultrapure (Millipore) water and analytical quality reagents. All potentials are reported against saturated calomel electrode (SCE) as reference.
Copolymerization
Chemical copolymerization of aniline and aminobenzoic acids were carried out In all the experiments described in this communication, the copolymer was prepared with a ratio aniline/aminobenzoic acid of 1:1.
Film Formation
The copolymer powder was dissolved in 0. 
Cyclic voltammetry
The electrochemical experiments were performed using a GAMRY PC4/750 potentiostat controlled by a personal computer. A conventional three electrode cell was used with a Pt wire as counter electrode and a saturated calomel electrode as reference. The working electrode materials were either GC or Pt.
The GC electrodes were GC disks made by pressing a 3 mm diameter glassy carbon rod inside a Teflon tube (2.95 mm internal diameter). The electrode surface was polished with alumina powder (down to 1 µm). The pH was maintained using universal buffers. A 2 M NaCl concentration of added salt was used to maintain constant ion strength. The pH was measured using a glass electrode and pH meter (Metrohm).
Probe Beam Deflection
Probe Beam Deflection experiments were carried out in an experimental set-up similar to the one described previously [9] . 
Results and Discussion
A typical cyclic voltammogram of a poly(aniline-co-(2-aminobenzoic acid)) (p2ABA) modified electrode can be seen in Fig. 1 (full black line) . If the concentration of ions: A -, C + (other than H + ) is high and constant, and assuming that, in the peak potential, the surface concentration of oxidized polymer (P ox ) is equal to that of the reduced polymer (P red ), equation (1) reduces to:
where E f contains all terms not affected by the pH. From the slope of E p vs. pH lines, it is possible to calculate the ratio: n H /n e .
The experimental points for p2ABA, obtained from Fig. 1 , are shown in Fig. 2 .
The data for PANI, from literature [11] , are shown for comparison. As it can be seen, both the first and second redox processes show similar behaviour in p2ABA and PANI. However, the peak potential of p2ABA shifts with a slope of 0.037 V/pH up to pH 3.5 while in PANI the peak potential remains almost constant while the pH is increased from 0 to 4.
In Table 1 are shown the slopes and ion exchange assignment, in each case.
The redox coupled ion exchange during the first redox peak is also tested using PBD (Fig. 3) . To the voltammetric oxidation peak corresponds a negative deflection peak. Therefore, protons are expelled on oxidation during the first redox process. The opposite behaviour was observed in the same solution (pH = 1), the PBD response of PANI only shows positive deflection, indicative of dominant anion insertion [12] . The proposed redox coupled ion exchange mechanism of p2ABA is described in Scheme 1.
While the carboxylic group is protonated in the reduced state (leucoemeraldine), it is assumed that the carboxylic acid is deprotonated in the emeraldine state, even at pH 1. The pKa value of 2-aminobenzoic acid is 2.17 [13] , suggesting that the carboxylic acid should be protonated at low pH. However, due to Donnan effects, the pH inside the film could be higher than in solution [14] .
Alternatively, the carboxylic group could form a cyclic species with the positive charge, as it has been found in sulphonated polyaniline (SPAN) [15] , making it easier to deprotonate. Recent results, obtained using in-situ FTIR [16] , support the existence of free carboxilate in p2ABA (emeraldine state) at low pH. The data suggest that p2ABA is electroactive even at pH 5, making it an interesting material for sensor building. Additionally, protons are expelled during both redox processes making the material potentially useful for pH actuators [17] .
The present study will be extended to other compositions of p2ABA and to a related copolymer: poly(aniline-co- (3-aminobenzoic acid) ).
Conclusions
The redox coupled ion exchange of poly(aniline-co-(2-aminobenzoic acid)) is different to that of PANI due to the presence of the anionic group in the copolymer. It seems that, even at low pH solution, the carboxylic group is deprotonated and could compensate for the positive charge formed during oxidation. Therefore, proton expulsion is the dominant ion exchange during the first redox peak. The second redox process of p2ABA is similar to that of PANI.
